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[57] ABSTRACT

A method for forming a transparent conductive film includes
the steps of: forming an ITO film on a substrate by sputtering
a target including oxygen atoms, indium atoms, and tin
atoms under an inert gas atmosphere; patterning the ITO film
by selectively removing a prescribed portion of the ITO film
using an etching method; and doping the patterned ITO film
with oxygen using an ion shower doping method, thereby
forming the transparent conductive film from the ITO film.

7 Claims, 2 Drawing Sheets

EEEERERIC

A

106
0/

100
110




U.S. Patent Jul. 23, 1996 Sheet 1 of 2 5,538,905

A7 277 27777777

R

Hk

L ML L L sl il A A V2L

A AN AT SN NY.

\

\
\
\
N
\
\
\
t
J
\
\
\
\
\
\
\
\
\
!
R
/

\.,/ \/
AN 6 w
—

FIG. 4

VACUUM EXHAUST SYSTEM

{02 108

FIG. 2



U.S. Patent Jul. 23,1996  Sheet 2 of 2 5,938,905

Fg.34
fq% fim
: | 1 100
s ‘ig.SB resist film
7 —
T T 1'2% 7ﬁ'm
-
400
- 10
Fiq9.3C resist film
e A .
7 7777 A ”1%;""‘
- T =
- T A——100
| ~4—— 110
Fiq. 8D '
VoV vy v Y02
e
- - 100
‘ +—— 110
g . SE _ 108
s 7
T

A 100
- 110




3,538,905

1

METHOD FOR FORMING A TRANSPARENT
CONDUCTIVE ITO FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a transparent conductive
film used in a liquid crystal display device or an electrolu-
minescence (EL) display device.

2. Description of the Related Art

Conventionally, a transparent conductive film made of
Indium Tin Oxide (ITO) has been widely used as a trans-
parent conductive electrode for a liquid crystal display
device or an EL display device, because such a transparent
conductive film has various advantages in that it has low
specific resistance and high visible light transmittance, and

it can be subject to a wet etching step with an aqueous
solution, etc.

FIG. 2 exemplarily shows an active matrix substrate using
a transparent conductive film made of ITO as a pixel
electrode. In this active matrix substrate, a plurality of pixel
electrodes 106 are arranged in a matrix on a glass substrate.
The pixel electrodes 106 are each connected to a thin film
transistor (TFT). The TFT is used for a switching function
to switch an electrical field applied between the respective
pixel electrodes 106 and respective counter electrodes (not
shown), and thus a display pattern is formed.

The process for fabricating such a conventional active
matrix substrate will be described. First, a base insulating
film 100 made of Ta,O; is formed so as to entirely cover the
substrate by sputtering. Next, a lower gate wiring 101 and an
upper gate wiring 102 are formed on the base insulating film
100 by sputtering. The lower gate wiring is made of alumi-
num (Al) so as to reduce the resistance thereof. The upper
gate wiring 102 may be made of a metal such as tantalum
(Ta) which is capable of being anodized. Thereafter, the
‘surface of the upper gate wiring 102 is anodized in electro-
lyte, and thus an anodic oxide film made of TaO, is formed.
Then, a gate insulating film 107 made of SiN, is formed so
as to entirely cover the substrate by a CVD method. The next
step 1s that an intrinsic amorphous silicon semiconductor
layer 1s formed on the anodic oxide film, and then a SiN,
layer, which functions as an etching stopper 103, is formed
thereon. In addition, an amorphous silicon of an n* type
semiconductor layer 104 doped with P (Phosphorus) is
formed so as to cover an edge portion of the etching stopper
103 and the semiconductor layer. Subsequently, a source/
drain wiring 105 made of titanium (Ti) is formed by sput-
tering. The source/drain wiring 105 is made as a single layer.
Thereafter, a transparent conductive film made of ITO is
formed by sputtering, and then this film is patterned into the
pixel electrode 106. Furthermore, a protective film 108 is
formed on the transparent conductive film.

The above transparent conductive film is generally
formed as follows: First, in a sputter chamber, a target made
of indium oxide and tin oxide is arranged so as to. face the
substrate on which the transparent conductive film will be
formed. Then the substrate is heated up to a temperature of
around 280° C. Thereafter, the air in the sputter chamber is
discharged so as to create a high vacuum atmosphere, and
then a sputter gas made by adding several vl % (volume %)
of gaseous oxygen to an argon gas is supplied to the sputter
chamber at a prescribed gas pressure. Thereafter, an electric
discharge is done between a substrate holder to hold the
substrate and the target, and thus the sputtering process is
performed. Finally, an ITO film is formed on the substrate.
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2

The carrier density of the thus formed ITO film is reduced
as the oxygen partial pressure of the ITO film is increased,
or the oxygen deficiency of the ITO film is lowered. The
reason is that the oxygen deficiency of the ITO film func-
tions as a donor. On the other hand, the carrier mobility is
increased as the oxygen deficiency of the ITO film is
decreased. The specific resistance of the ITO film is lowered
as the carrier density of the ITO film is increased, or the
carrier mobility of the ITO film is increased. Therefore, in
the case where the rate of the oxygen parts shows a pre-
scribed value, the specific resistance of the ITO film shows
a mmimum value. The light transmittance of the ITO film is
increased as the oxygen deficiency of the ITO film is
decreased. On the other hand, the light transmittance of the
ITO film 1s limited by the degree of the oxygen deficiency
of the ITO film when the specific resistance of the ITO fil
snows the minimum value. Therefore, according to the
above-mentioned method, the amount of the gaseous oxygen
to be included in the sputter gas is adjusted so as to obtain
an ITO film having a desired amount of oxygen.

However, the above-mentioned method has a problem in
that it 1s difficult to control the wet etching step for forming
a wiring pattern at a later stage, because the ITO film is
formed with less oxygen deficiency due to the gaseous

oxygen added to the sputter gas during the ITO film forming
process.

SUMMARY OF THE INVENTION

The method for forming a transparent conductive film of
this invention includes the steps of: forming an ITO film on
a substrate by sputtering a target including oxygen atoms,
indium atoms, and tin atoms under an inert gas atmosphere;
patterning the I'TO film by selectively removing a prescribed
portion of the ITO film using an etching method; and doping
the patterned ITO film with oxygen using an ion shower

doping method, thereby forming the transparent conductive
film from the ITO film.

In one embodiment, the target includes indium oxide
containing about 10 wt % of tin oxide.

In another embodiment, the step for forming the ITO film
comprises a step for creating the inert gas atmosphere by
supplying an argon gas alone to a vacuum vessel having an
inner pressure of 3.0x10™* Pa or less.

In still another embodiment, the step for forming the ITO

film comprises a step for supplying the argon gas having a
pressure of 0.24 Pa to the vacuum vessel.

In still another embodiment, at the step for doping the ITO

film with the oxygen, a dose amount of the oxygen is from
10%° to 10'7 ions/cm?.

In still another embodiment, further comprising a step for
heating the transparent conductive film.

In still another embodiment, at the step for patterning the
ITO film, the prescribed portion of the ITO film is removed
by using a wet etching method.

In still another embodiment, the step for patterning the
ITO film comprises a step for forming a resist film provided
with an opening which defines the prescribed portion of the
ITO film on the ITO film, a step for selectively removing the
prescribed portion of the ITO film which is exposed through

the opening of the resist film, and a step for removing the
resist film.

Thus, the invention described herein makes possible the
advantage of providing a method for forming a transparent
conductive film having high transmittance and low specific
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resistance, which can be readily patterned into a wiring
pattern.

This and other advantages of the present invention will
become apparent to those skilled in the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a sputtering
apparatus according to an example of the present invention.

FIG. 2 shows a plan view of an active matrix substrate.
FIGS. 3A to 3E exemplarily shows a sequence of steps for

forming a transparent conductive film according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a method for forming an transparent conduc-
tive film according to the present invention will be described
by way of illustrating an example referring to drawings. In
the present example, the method for forming the transparent

conductive film is applied to an active matrix substrate
shown 1n FIG. 2.

First, a base insulating film 100 made of tantalum oxide
(Ta,Os) 1s formed so as to entirely cover a base substrate 110
by sputtering. Next, a lower gate wiring 101 and an upper
gate wiring 102 are formed on the base insulating film 100
by sputtering. The lower gate wiring 101 may be made of
aluminum (Al) so as to reduce the wiring resistance. The
upper gate wiring 102 may be made of a metal such as
tantalum (Ta) capable of being anodized. Thereafter, the
surface of the upper gate wiring 102 is anodized in electro-
lyte, and thus an anodic oxide film made of TaO, is formed.
Then, a gate insulating film 107 made of SiN, is formed so
as to entirely cover the substrate by a CVD method. The next
step 1s that an intrinsic amorphous silicon semiconductor
layer is deposited on the anodic oxide film formed on the
surface of the upper gate wiring 102, and then a SiN, layer,
which functions as an etching stopper 103, is formed
thereon. In addition, an amorphous silicon of 0™ type semi-
conductor layer 104 doped with P (phosphorus) is formed so
‘as to cover an edge portion of the etching stopper 103 and
the semiconductor layer. Subsequently, a source/drain wir-
ing 105 made of titanium (Ti) 1s formed by sputtering. The
source/drain wiring 105 is made as a single layer.

Thereafter, an ITO film 1s formed on the thus formed

substrate 4 by sputtering,

Next, a sputtering process is performed in a sputtering
apparatus shown in FIG. 1 as follows: First, in a vacuum
vessel (sputter chamber) 1, a target 3 made by adding about
10 wt % (weight %) of tin oxide (SnO,) to indium oxide
(In,O5) 1s retained by a target eclectrode 2 with magnetic
force. The substrate 4 is arranged at a sputter holder 5 above
the target 3 so that the laminated materials including the
source/drain wiring 105, etc. face the target 3. Then, the
substrate 4 1s heated by a heater 7 up to a temperature from
250° to 300° C., preferably up to a temperature of about 280°
C. Under this condition, the air in the vacnum vessel 1 is
discharged so as to create a high vacuum atmosphere (3.0x
10~ Pa or less), and then an inert gas, herein an argon (Ar)
gas having a pressure of about 0.24 Pa, is supplied from a
sputter gas tube 11 to the vacuum vessel 1. Under the
condition, 0.5 kW of electric power is supplied from a
high-frequency power source 6 to the target electrode 2 so
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4

that an electric discharge 1s done between the target 3 and the
substrate 4, and thus the sputtering process is performed.
Finally, the ITO film 1s formed on the substrate 4 as is shown
in FIG. 3A.

Thereafter, the transparent conductive film is formed by
using a photolithography technique as follows: First, as is
shown in FIG. 3B, a resist film provided with an opening
which deiines the prescribed portion of ITO film is formed
on the ITO film. Thereafter, as is shown in FIG. 3C, the
prescribed portion of the I'TO film which is exposed through

the opening of the resist film i1s removed by using a wet
etching method, and thus the ITO film is patterned. Subse-
quently, as 1s shown in FIG. 3D, the resist film is removed,

and then the patterned I'TO film 1s doped with O, by an ion
shower doping method, thereby forming a pixel electrode
106. Furthermore, a protective film 108 is formed on the
pixel electrode 106 by a plasma CVD method as is shown in
FIG. 3E. When the protective film 108 is formed, the

substrate 4 is heated, and thus the ITO film is further
calcined.

Accordingly, the active matrix substrate of the present
invention 1s formed. Herein, the target 3 to be used at the
above sputtering process includes indium oxide containing
tin oxide in an amount of about 10 wt %, and the sputter gas
to be used in the sputtering process substantially includes
argon gas alone. Therefore, the metal parts of the resulting
ITO film are increased and the oxide parts thereof are
decreased in amount. With such a metal-rich ITO film, it
becomes easy to control the etching step during the wiring
patterning process after the ITO film forming process. In the
present example, the wet etching method is employed, but a
dry etching method may also be employed to carry out the
present invention.

Moreover, it 1s possible to adjust the amount of oxygen to
be included 1in the I'TO film by adjusting the dose amount of
the oxygen during the above ion shower doping process.
Accordingly, the transparent conductive film obtained as a
pixel electrode includes an appropriate amount of oxygen,
and has excellent light transmittance and low specific resis-
tance. In addition, the ITO film can partially be doped with
different amount of oxygen, so that a portion of the ITO film
not corresponding to the pixel electrode can be made to
include less amount of oxygen than that of a portion corre-
sponding to the pixel electrode. Accordingly, the portion of
the ITO film corresponding to the pixel electrode can be
made to have further lower resistance.

According to the present example, in the case where the
ion shower doping process 18 performed so that the dose
amount of oxygen is 10'® to 10"’ ions/cm?® a transparent
conductive film 1s obtained with high transparency of 85%
or more, and low specific resistance of about 1.5 to about
2.0x107* Q.cm. That is, according to the present invention,
it is possible to provide a transparent conductive film having
an excellent transmittance, and a specific resistance lower
than that of the conventional transparent conductive film.

The thus obtained transparent conductive film can be
applied widely, such as an electrode or a wiring material, not
only to a liqud crystal display device but also to an EL
display device and the other information processing devices.
In addition, the present invention can be applied not only to
an active matrix type liquid crystal display device using
TFTs, but also to the other active matrix type liquid crystal
display devices using MIMs (metal-insulating layer-metals),
diodes, FETs (bulk transistors), varistors, etc., as well as a
simple matrix type liquid crystal display device.

As 1s apparent from the above, according to the method of
the present invention, it is possible to obtain a transparent
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conductive film having high transmittance and low specific

resistance, which can be readily patterned into a wiring
pattern.

Various other modifications will be apparent to and can be
readily made by those skilled in the art without departing
from the scope and spirit of this invention. Accordingly, it is
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What is clatmed is:

1. A method for forming a transparent conductive film,
comprising the steps of:

forming an ITO film on a substrate by sputtering a target

under an inert gas atmosphere, said target including
oxygen atoms, indium atoms, and tin atoms, said I'TO
film being oxygen-deficient;

patterning said I'TO film by selectively removing a portion
of said ITO film using an etching method;

doping said patterned ITO film with oxygen ions using an
ion shower doping method; and

heating said patterned and doped ITO film, thereby form-
ing said transparent conductive film from said patterned
ITO film.
2. A method according to claim 1, wherein said target
containing about 10 wt % of tin oxide.
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3. A method according to claim 1, wherein, said step for
forming said ITO film comprises a step for creating said
inert gas atmosphere by supplying an argon gas alone to a
vacuum vessel having an inner pressure of 3.0x10™* Pa or
less.

4. A method according to claim 3, wherein, said step for
forming said ITO film comprises a step for supplying said

argon gas having a pressure of 0.24 Pa to said vacuum
vessel.

5. A method according to claim 1, wherein, at said step for

doping said patterned ITO film with said oxygen, a dose

amount of said oxygen is from 10'° to 10*7 ions/cm?.

6. A method according to claim 1, wherein, at said step for
patterning said ITO film, said portion of said ITO film is
removed by using a wet etching method.

7. A method according to claim 1, wherein, said step for
patterning said ITO film comprises a step for forming a resist
film provided with an opening which defines said portion of

said ITO film on said ITO film, a step for selectively
removing said portion of said ITO film which is exposed
through said opening of said resist film, and a step for
removing said resist film.
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